Previous high throughput data analysis from several different approaches to affinity 10 purification of protein complexes have revealed catalogues of contaminating proteins 11 that persistently co-purify. Some of these contaminating proteins appear to be 12 specific to one particular affinity matrix used or even to the artificial affinity tags 13 introduced into endogenous proteins for the purposed of purification. 14 A recent approach to minimising non-specific protein interactions in high throughput 15 screens utilises pre-equilibration of affinity surfaces with thiocyanate anions to reduce 16 non-specific binding of proteins. This approach not only reduces the effect of 17 contaminating proteins but also promotes the enrichment of the specific binding 18 partners. Here, we have taken this method and adapted it in an attempt to reduce the 19 abundance of common contaminants in affinity purification experiments. We found 20 the effect varied depending on the bait used, most likely due to its endogenous 21 abundance. 22 23
Introduction 26 27
The characterisation of native protein interactions is essential for our understanding of 28 the processes which underlie biological functions. In order to gain a comprehensive 29 knowledge of multi-component protein complexes it has been necessary to develop 30 and utilise high throughput methods which allow the identification of genuine 31 interaction partners. This has lead to the inception of the field of interactomics, a 32 rapidly growing field with numerous different approaches developed to allow the 33 characterisation of proteins within functional complexes. Many of these approaches 34 involve the affinity capture of a bait protein, either by its interaction with a specific 35 antibody or by interaction of an engineered component such as a short protein epitope 36 tag or full length fusion protein. After affinity capture, identification of the bait and its 37 interacting partners are generally achieved by mass spectrometry. Approaches such as 38 the tandem affinity purification method (TAP) allow high-throughput screening of 39 interactomes in multicellular organisms [1] . Here, bait proteins are tagged with two 40 affinity tags and purification of the tagged bait and its interacting partners is then 41 carried out using the affinity properties of each tag sequentially. Another recent 42 technique, iPAC (interactomes by parallel affinity capture), favours parallel 43 purifications of a multiply tagged protein to increase yields of purified complexes as 44 tandem approaches often result in very low recoveries of protein complex components 45 after multiple sequential application and elutions from affinity matrices [2] . In all 46 these approaches, conditions are utilised to minimise the sampling of contaminants 47 such as stringent washing of affinity matrices before specific elution of the bait and its 48 binding partners and occasionally the implementation of exclusion lists of ions 49 associated with common contaminating proteins during mass spectrometric analysis. 50
Despite these precautions, contaminants that have high affinity to single or multiple 51 resins continue to be a problem in blocking available binding sites for the tagged 52 protein(s) thus resulting in low recovery yields of genuine interacting partners. 53
Moreover, these proteins can dominate mass spectrometric analyses, usually in the 54 form of peptides generated upon proteolytic digestion of eluted complex components 55 prior to analysis. Without appropriate experimental designs it can be challenging to 56 differentiate between genuine interacting partners and contaminants. One method 57 which aids differentiation involves the use of quantitative approaches where a 58 negative control such as a system without a tagged bait is applied to the same affinity 59 5 min at RT. Proteins were digested with 2 g sequencing grade trypsin (Promega) for 1 127 hour at 37ºC, then a further 2 g for overnight digestion to maximise complete 128 digestion of complex mixtures. 
Thiocyanate ions improve the specific binding of proteins to affinity resins. 179
The next approach was to include sodium thiocyanate in the binding mixture. To 180 determine if the effect of the addition of thiocyanate ions in affinity purification of 181 protein complexes is beneficial, we first used non-tagged control fly embryo lysates to 182 identify all proteins that bind non-specifically to the FLAG affinity resins. Several 183 concentrations of the sodium thiocyanate were utilised ranging 50-500 mM. The most 184 efficient concentration of the thiocyanate anions utilised seemed to be relatively broad 185
as over a wide concentration tested, all gave the same protein identification lists 186 therefore 100mM thiocyanate was used in further experimentation. Mass spectrometry analysis showed increased numbers of bait peptides identified in 212 the presence of thiocyanate for 9 of the 10 tagged proteins tested with a range of a 16-213 >100% increase, the average being 43.5% (Table 1) . This was similar for the YFP 214 peptides also generated from the bait protein. This trend was also observed in the % 215 sequence coverage of the bait protein. Whilst proteins purified using Strep resin had 216 higher numbers of peptides, the effect of thiocyanate was more dramatic for FLAG 217 purified proteins and in general the addition of thiocyanate was beneficial for 218 increasing the binding of bait to both FLAG and Strep resins. Mascot or emPAI scores 219 were more ambiguous with respect to the effect of thiocyanate ions. 220
Suggested location for Table 1 Protein lists for thiocyanate treated lysates had reduced abundance of actin, and fewer 231 proteins were categorised as non-specific, particularly in FLAG pulldowns.. The 232 remaining proteins contained uncharacterised proteins and a proportion of proteins 233 similar to those found to be non-specific binders such as heat shock proteins and 234 tubulins that were not frequent enough to be included in the 'non-specific' lists. After 235 identifying the recurring non-specific members, lists from non-treated lysates also 236 contained a high proportion of other ribosomal proteins, metabolic proteins and 237 uncharacterised proteins that are unlikely to be genuine interactors of the bait. 238
Annotated interaction lists are shown in Supplementary Table 4A . 239
When analysing the interacting proteins, very few of the proteins studied had any 240 published interaction data in Drosophila (Supplementary Table 4B ). Using FlyMine 241
we did observe novel interactors in eluates both from inclusion and exclusion of 242 thiocyanate. For example, the bait Pop2 (CPTI 2818) interacts with proteins Not1 and 243 twin in yeast. These were both found in FLAG pulldowns but in the less effective 244
Strep pulldown, were only found with the inclusion of thiocyanate (Supplementary  245   Table 4A ). In addition, three known contaminants were found only in untreated 246 samples. Comparing our datasets with public datasets using FlyMine, many of our 247 interactors were seen in affinity purification studies in other species and some did 248 indeed complement Y2H studies (Supplementary Table 4B ). It appears that 249 thiocyanate is useful in recovering some binding partners in vivo in some baits. were unique to thiocyanate treated samples and will need further testing. In terms of 301 reducing non specific binding contaminants in some samples we observed varying 302 levels of reduction of one of the most abundant proteins, actin, but it varied depending 303 on the bait. 304
We tried the recommended concentration discussed by Richens and found it to be 305 effective in some of our experiments for minimalising non-specific binding of 306 structural proteins. However, by reducing these, we did observe increased binding of 307 other non-specific proteins such as the yolk proteins, probably because of the 308 increased sampling of lower abundance contaminants, but the reduction of actin and 309 other scaffold proteins outweighed the marginal increase in other contaminants. We 310 think this is a reasonable trade-off especially as we are aware of these common 311 contaminants in previous studies [2] . 312
The effect of thiocyanate is clearly bait abundance specific and may be more 313 pronounced with lower abundance baits if MS data dependant exclusion lists for other 314 non-specific binders were used in parallel and moreover, our method has assisted in 315 identifying proteins which are the most desirable to exclude such as the yolk proteins 316 lists from all pulldown experiments (including negative controls) thus defined as 346 'contaminants'. These proteins are listed and detailed in Supplementary Table 3A . 347
Dashed line shows the threshold we define our cut-off for contaminants. Proteins in 348 bold were not frequently occurring in negative control samples so are likely to be bait 349 specific and not resin specific (from Supplementary Table 1 showing each bait with its respective negative control data subtracted and the proportion of the data that is present more than 20% in all samples analysed 'non-specific' (list of proteins in Supplementary Table 3A) .
A Bait; Heph, FLAG pulldown Figure 3A . The numbers, and some identifications of proteins identified in 25 experiments using 8 protein baits. Single hit proteins have been excluded. Shaded blocks indicate proteins occurring in >20%-100% frequently occurring interaction lists from all pulldown experiments (including negative controls) thus defined as 'contaminants'. These proteins are listed and detailed in Supplementary Table 3B . Dashed line shows the threshold we define our cut-off for contaminants. Proteins in bold were not frequently occurring in negative control samples so are likely to be bait specific and not resin specific (from Supplementary Table 1) . A c t 7 9 B H s p 7 0 A a , R p L 3 , A s n -s y n t h e ta s e C G 1 5 1 6 , C G 3 2 6 7 , H s c 7 0 -3 , C G 3 1 9 9 9 , A T P s y n -γ , α -T u b 6 7 C , R p S 8 >20% frequency. >40% frequency. >60% frequency. >80% frequency. Figure 3B . An analysis of the numbers of peptides generated from the 20 most abundant proteins (with % frequencies in all interaction lists) observed in Figure 3A in the presence (light grey bars) or absence (dark grey bars) of thiocyanate with error bars. The most notable differences are in the scaffold proteins, actins and tubulins. The % average peptide count changes, compared with no treatment, are displayed above the bars. -24% +11% 0% 0%
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